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Summary
Objectives:  The  authors  report  their  experience  with  a  variant  cartilage  tympanoplasty  tech-
nique in  a  canal  wall  up  (CWU)  procedure  for  middle  ear  cholesteatoma,  comparing  reliability
with other  techniques.  Functional  results  are  analyzed  according  to  ossicular  chain  status.
Materials and  methods:  A  retrospective  study  was  performed  in  adults  operated  on  with  CWU
tympanoplasty  for  middle  ear  cholesteatoma.  The  surgical  technique  of  ‘‘modeling’’  cartilage
is described.
Results:  One  hundred  and  nine  patients  were  included  (113  procedures).  There  were  four  recur-
rences (3.5%).  Mean  follow-up  was  48  months  (range,  24—96  months).  In  case  of  normal  ossicular
chain, postoperative  pure-tone  average  air-bone  gap  was  always  less  than  20  dB,  and  less  than
20 dB  following  myringostapedopexy  in  60%  of  cases  with  incus  destruction.
Conclusion:  Modeling  cartilage  is  a  reliable  reconstruction  technique  to  prevent  recurrent
cholesteatoma,  and  contributes  to  the  quality  of  functional  results  in  ossiculoplasty.
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ntroduction
n  recent  years,  cartilage  has  replaced  fascia  tempo-
alis  in  repairing  loss  of  bone  and  tympanic  substance  in
holesteatoma  surgery,  and  is  also  widely  used  in  tympanic
erforation  surgery.  It  is  more  resistant  to  middle-ear  cavity
epression  [1],  and  moreover  contributes  to  the  functional
uality  of  ossiculoplasty.  Tos’s  recent  cartilage  reconstruc-
ion  classiﬁcation  [2]  testiﬁes  to  the  wide  variety  of  cartilage
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se  in  otology,  in  both  adults  and  children.  The  present
tudy  reports  the  authors’  experience  with  a  variant  of  carti-
age  shield  tympanoplasty  [1,3]  in  adults,  used  during  canal
all  up  (CWU)  tympanoplasty  for  middle-ear  cholesteatoma.
esults  are  compared  to  those  for  other  techniques  reported
n  the  literature.  The  functional  hearing  results  of  the  tech-
ique  are  also  analyzed  according  to  ossicular  chain  status.
aterials and methodshe  ﬁles  of  the  551  adults  operated  on  for  middle-ear
holesteatoma  in  our  center  between  1998  and  2008  were
nalyzed  retrospectively.  The  principal  study  objective  was
served.
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Figure  1  (A)  Sectional  block:  the  cartilaginous  side  (white)
is thinned  centrifugally,  leaving  a  peripheral  perichondrial  edge
(gray).  A  full-thickness  cartilage  notch  is  created.  (B)  The  notch
goes around  the  malleus  neck,  which  thus  serves  as  rotational
axis for  the  graft.  The  graft  is  positioned  with  the  perichon-
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myringostapedopexy  (MSP).  In  our  practice,  ossiculoplasty
by  partial  or  total  titanium  ossicular  implant  was  performed
when  there  was  no  middle-ear  inﬂammation:  i.e.,  pref-
Figure  2  The  open  cup  shaped  chondro-perichondrial  graftCanal  wall  up  tympanoplasty  for  cholesteatoma  
to  assess  the  medium-term  reliability  of  modeling  cartilage.
The  secondary  objective  was  to  assess  functional  results  in
damaged  and  intact  ossicular  chains.  All  patients  under-
went  the  same  procedure:  CWU  with  modeling  cartilage
reconstruction  and,  when  necessary,  ossicular  chain  recon-
struction  by  myringostapedopexy  (MSP)  or  ossiculoplasty.
Inclusion  criteria  were:  adult,  operated  on  for  middle-
ear  cholesteatoma  by  the  described  technique  by  one  of
two  experienced  otologists;  absence  of  prior  tympanoplasty;
surgical  or  radiological  relook  within  the  12  months  follow-
ing  primary  surgery;  and  at  least  24  months’  otoscopic  and
audiometric  follow-up.
Exclusion  criteria  were:  other  cholesteatoma  location;
patient  previously  operated  on  in  another  center;  lack  of
surgical  or  radiological  relook  on  the  deﬁned  protocol;  or
other  surgical  procedure.
The  study  data  were:  demographic  data;  mean  FU;
initial  lesion  location;  ossicular  chain  status  at  end  of
surgery;  recurrence  prevalence  and  location;  prevalence
of  secondary  perforation  and  cartilage  resorption;  and
number  of  revision  interventions  and  residuals.  Recurrent
cholesteatoma  was  deﬁned  as  any  otoscopic  diagnosis  of
secondary  uncontrollable  desquamating  tympanic  retraction
pocket.
Functional  results  were  expressed  as  postoperative  pure-
tone  average  air-bone  gap  (PTA-ABG)  and  mean  pre-  and
postoperative  bone  conduction  (BC).  On  each  audiogram,
mean  PTA-ABG  was  calculated  at  500  Hz,  1,000  Hz,  2,000  Hz
and  4,000  Hz  on  criteria  close  to  those  of  the  AAO-HNS.
Mean  postoperative  PTA-ABG  was  calculated  from  the  last
available  audiogram.  Results  were  considered  good  for  mean
postoperative  PTA-ABG  less  than  20  dB.
Surgical  technique:  the  cutaneous  incision  was  retroau-
ricular  except  in  lateral  epitympanic  cholesteatoma,  where
the  approach  was  transcanal.  The  tympanomeatal  ﬂap  (TMF)
was  lifted  up  to  the  sulcus  to  release  the  annulus  within
the  healthy  region  and  access  the  cavum  tympani.  Attico-
mastoidectomy  was  performed  according  to  cholesteatoma
location  and  extension.  In  case  of  anterior  protrusion  of
the  external  auditory  canal,  reaming  facilitated  subsequent
grafting  and  provided  good  visualization  of  the  anterior  tym-
panic  angle.  Video  oto-endoscopy  was  employed  in  case  of
retrotympanic  cholesteatoma  extension.  Posterior  tympan-
otomy  was  not  systematic.  After  1%  xylocaine  inﬁltration,
the  medial  side  of  the  tragal  cutaneous  incision  was  hidden
just  posterior  to  the  free  edge.  Tragal  cartilage  dissection
was  subcutaneous  on  the  posterior  and  subperichondrial  on
the  anterior  side.  The  chondro-perichondrial  graft  was  dis-
coid  or  oval,  and  generally  1.5  to  2cm2;  it  was  placed  on
a  silicone  block  and  gradually  thinned  centrifugally  using  a
no 10  bistoury  on  the  perichondrium-free  side  (Fig.  1),  con-
serving  a  1  to  2  mm  peripheral  perichondrial  border;  after
this  remodeling,  the  graft  had  the  form  of  an  open  cup.
A  full-thickness  chondro-perichondrial  notch  of  one-third
of  the  graft  diameter  was  made  by  the  bistoury  so  as  to
enable  it  to  go  around  the  neck  of  the  malleus  (Fig.  1).
The  neck  of  the  malleus  thus  served  as  support  and  rotation
axis  for  the  graft,  positioned  according  to  the  topography
of  the  loss  of  substance.  The  cartilage  was  placed  with  its
perichondrial  side  under  the  remaining  healthy  tympanum
(subﬁbrously).  In  case  of  loss  of  pars  tensa  substance,  the
graft  was  positioned  in  contact  with  the  medial  side  of  the
i
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mrial side  medial  to  the  malleus  handle  and  healthy  tympanic
emnant.
alleus  handle,  to  prevent  lateralization.  In  case  of  epi-
ympanic  loss  of  substance,  it  was  placed  straddling  the
alleus  neck.  In  all  cases,  the  graft  repaired  loss  of  bone
nd  tympanic  substance,  reinforcing  the  remaining  healthy
ympanum.  The  graft  was  therefore  systematically  larger
han  the  bone  and  tympanic  defect.  Peripherally,  it  was  sup-
orted  by  the  remaining  bone  framework,  which  was  milled
o  a  gentle  slope,  without  ‘‘steps’’  (Fig.  2).  Thus,  the  car-
ilage  ‘‘modeled’’  the  posterior  and  superior  parts  of  the
xternal  auditory  canal.
In  case  of  incus  destruction  (or  removal)  with  stapes
ntegrity,  the  cartilage  was  arranged  so  that  the  medial
ide  was  in  contact  with  the  stapes  head,  forming  as positioned  so  as  to  model  the  external  auditory  canal,  here
n a  case  of  loss  of  bone  and  posterior  tympanic  substance.
raft contact  with  the  stapes  head  is  thus  facilitated  for
yringostapedopexy.
8 L.  Gaillardin  et  al.
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cartilage  an  open  cup  form,  and  secondly  in  smoothing
the  bone  framework  into  a  gentle  slope  avoiding  ‘‘step’’
effects;  the  difference  from  cartilage  island  ﬂaps  [4]  lies
in  the  extensive  cartilage  support  on  the  bone  framework,
20%
40%
60%
80%
MSP (n =  37)
Paral prosthesis (n =  6)
Total prosthesis  (n =  7)4  
rentially  during  revision  surgery.  In  absence  of  posterior
ympanotomy,  cartilage  contact  with  the  implant  plate  or
tapes  head  was  checked  directly  by  lifting  the  perichondrial
dge  of  the  graft.  The  TMF  was  then  redeployed  over  the  car-
ilage  repair,  and  therefore  had  to  be  long  enough  to  cover  it
ll.  Biologic  glue  was  not  used  in  positioning  the  graft.  Posi-
ioning  the  endaural  dressing  was  an  essential  step,  so  that
he  TMF  would  be  applied  to  the  cartilage  reconstruction.
 crossed  silastic  dressing  with  Pop-oto-wicks® (POW)  or  fat
ick  was  used.  Following  retroauricular  closure,  external
uditory  canal  coaptation  was  checked,  helped  by  two  more
OWs.  The  endaural  dressing  was  removed  on  day  7,  with
ystematic  instillation  of  antibiotic  drops  (Oﬂocet®)  for  7
ays.
esults
ne  hundred  and  nine  patients  were  included,  for  113
WU  procedures  (four  patients  [3.5%]  having  bilateral
holesteatoma).  There  were  63  males  and  46  females;  59
eft  and  54  right  ears.  Mean  age  at  diagnosis  was  43  years
range,  19—79  yrs).  Mean  follow-up  was  48  months  (range,
4—96  mo).  Seventy-seven  patients  (70%)  underwent  surgi-
al  revision,  with  29  residual  cholesteatomas  (25%).  Primary
ocations  were:  60  epitympanic  recess  (53%),  43  retrotym-
anum  (38%)  and  10  cases  of  cavum  tympani  epidermization
9%)  from  marginal  tympanic  perforation  or  pars  tensa  pock-
ts  that  had  burst  towards  the  atrium.
There  were  four  cases  of  recurrence  (3.5%),  all  outside
f  the  reinforcement  region.  Two  were  observed  posterior
o  the  reconstruction  as  of  the  ﬁrst  year  of  surveillance.
wo  others  were  observed  superior  to  the  reconstruction,
ne  as  of  the  ﬁrst  year  of  surveillance  and  the  other  3
ears  after  primary  surgery.  There  was  also  one  case  of  par-
ial  epitympanic  reconstruction  cartilage  resorption  without
ecurrence.  There  were  no  residual  or  secondary  tympanic
erforations  and  no  lateralizations.  There  was  one  case  of
ssicular  implant  extrusion.  There  were  no  postoperative
nfections.
At  end  of  resection,  23  ossicular  chains  (20%)  were  intact.
ean  postoperative  PTA-ABG  was  9.5  dB  (range,  7.5-13.5)
nd  mean  BC  6.5  dB  (6  dB  pre-operatively).  Postoperative
TA-ABG  was  systematically  less  than  20  dB.  Mean  follow-up
f  cartilage  on  intact  ossicular  chains  was  36  months.
There  were  66  cases  of  ossicular  damage,  including
6  of  isolated  lysis  of  the  long  branch  of  the  incus  and
0  associating  stapes  superstructure  lysis.  In  24  cases,  an
ntact  ossicular  chain  had  to  be  removed  to  allow  the
holesteatoma  to  be  resected.  There  were  no  cases  of  lysis
f  the  malleus  handle,  which  in  all  cases  could  be  conserved
long  with  the  neck.  Fig.  3  shows  peroperative  ossicular
tatus  at  end  of  surgery.
Functionally,  MSP  was  associated  to  primary  surgery  in
7  cases.  Mean  postoperative  PTA-ABG  was  18.2  dB  (range,
.5—26)  and  mean  BC  20  dB  (17  dB  preoperatively).  Mean
ostoperative  PTA-ABG  was  less  than  20  dB  in  60%  of  cases
Fig.  4).  Mean  MSP  follow-up  was  48  months.A  titanium  partial  ossicular  prosthesis  was  implanted
uring  revision  in  six  cases.  Mean  postoperative  PTA-ABG
as  19  dB  (range,  8.75—25)  and  mean  BC  25  dB  (25  dB
re-operatively).  Mean  postoperative  PTA-ABG  was  less  than
F
aFigure  3  Peroperative  ossicular  chain  status.
0  dB  in  33%  of  cases  (Fig.  4).  Mean  partial  ossicular  implant
ollow-up  was  24  months.
A  titanium  total  ossicular  prosthesis  was  implanted  dur-
ng  revision  in  seven  cases.  Mean  postoperative  PTA-ABG  was
7  dB  (range,  13.5—40),  and  mean  BC  18.5  dB  (17  dB  preoper-
tively).  Mean  postoperative  PTA-ABG  was  less  than  20  dB  in
8%  of  cases  (Fig.  4).  Mean  total  ossicular  implant  follow-up
as  30  months.
iscussion
he  objective  of  reconstruction  following  CWU
holesteatoma  resection  is  to  prevent  recurrence.  This
equires  restoring  insulation  between  the  middle  and
xternal  ear.  Cartilage  is  a  material  of  choice,  used  by
ur  team  since  the  early  1990s.  Its  main  advantages  are
n-site  availability,  ease  of  harvesting  and  reliability.  Tragal
artilage  that  may  have  to  be  resected  peroperatively  in
ase  of  recurrence  can  be  replaced  by  conchal  cartilage.
Modeling  cartilage  (Fig.  5)  is  a variant  on  cartilage  shield
ympanoplasty  [1,3]  and  the  perichondrium  cartilage  island
ap  [4].  It  derives  from  the  French  school  of  P.  Roulleau.  The
echnical  difference  from  cartilage  shield  tympanoplasty
1,3]  consists  ﬁrstly  in  the  progressive  thinning,  giving  the0%
<  20dB >  20dB
igure  4  Mean  postoperative  pure-tone  average  air-bone  gap
ccording  to  type  of  ossiculoplasty.  (MSP:  myringostapedopexy).
Canal  wall  up  tympanoplasty  for  cholesteatoma  85
Table  1  Recurrence  prevalence  according  to  cartilage  reconstruction  procedure.
Authors/Date  Number  of
cholesteatomas  (CWU)
Type  of  reconstruction  Mean  FU  Recurrence
prevalence
(%)
Present  series  (Tours  2010)  113  (adults)  Tragal  modeling  cartilage  4  yrs  3.5
Dornhoffer, 2000  [4]  220  (adults  and  children)  Concha  palisade  cartilage  2.5  yrs  3.6
Barakate and  Bottrill,  2008  [5]  68  (adults)  Flat  cartilage  5  yrs  5.9
Dornhoffer 2004  [6] 50 (adults  and  children)  Flat  cartilage  (Concha) 8  yrs  16
Hinohira et  al.,  2007  [7] 78 (adults  and  children)  No  cartilage  (Bone  paste) 3  yrs 10.4
CWU: canal wall up.
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cartilage  thickness  providing  the  optimal  trade-off  betweenFigure  5  Anatomic  result  with  modeling  cartilage  at  1  year
(right epitympanic  loss  of  substance).
effectively  countering  the  stress  exerted  by  middle-ear
depression.  It  is  this  support  that  doubtless  explains  the
present  good  results  in  terms  of  recurrence  compared  to
other  techniques  [4—7]  (Table  1).  The  perichondrium  is  con-
served  on  one  side  of  the  graft,  which  we  believe  favors
viability.  We  have  also  successfully  applied  this  technique  in
childhood  cholesteatoma  surgery  and  simple  tympanic  per-
foration.  CT  surveillance  of  the  operated  ear  (presence  of
residual  pearls)  remains  an  option,  as  the  modeling  carti-
lage  creates  a  tympanic  neocavity  enabling  precise  study  of
middle-ear  aeration.
The  main  drawback  of  modeling  cartilage  is  opacity,
preventing  otoscopic  diagnosis  of  retrotympanic  effusion
or  residual  cholesteatoma.  It  practically  rules  out  any
subsequent  installation  of  a  tympanic  aerator  in  case  of
retrotympanic  effusion.  Seromucosal  otitis  is  made  harder
to  diagnose,  inasmuch  as  tympanometry  suffers  from  the
tympano-ossicular  system  rigidity  induced  by  the  cartilage
graft.  Lack  of  data  prevented  our  studying  the  typmanomet-
ric  impact  of  modeling  cartilage.  Peroperative  positioning  of
the  modeling  cartilage  may  also  be  hindered  by  plate  tor-
sion  phenomena,  excessive  graft  thinning  or  ‘‘step’’  effects
impairing  TMF  application;  these  pitfalls  can  be  avoided  by
smoothing  the  bone  framework  into  a  gentle  slope  using  a
a
d
piamond  burr  and  reaming  the  anterior  wall  of  the  external
uditory  canal.
The  four  cases  of  recurrence  on  either  side  of  the
artilage  reconstruction  were  certainly  due  to  defective
einforcement:  a  ﬂap  too  small  for  the  loss  of  substance
o  be  repaired.  Posterior  and  superior  external  auditory
anal  integrity  is  to  be  respected  during  atticomastoidec-
omy,  conserving  sufﬁcient  thickness  (about  3  mm)  to  avoid
econdary  bone  necrosis,  implicated  in  two  posterior  recur-
ences  in  the  present  series.  Special  attention  should  be
iven  to  visualization  and  reconstruction  of  the  anterior
ympanic  angle,  where  recurrence  is  difﬁcult  to  correct  sur-
ically.
Functionally,  cartilage  has  recognized  qualities  in  terms
f  acoustic  transfer.  The  present  study  analyzed  this  in  terms
f  functional  results  of  cartilage  on  intact  and  damaged
ssicular  chains.  Medium-term  results  for  intact  ossicular
hains  were  good,  with  no  cases  of  mean  postoperative  PTA-
BG  greater  than  20  dB  at  36  months’  audiometric  follow-up.
n  case  of  stapes  integrity,  MSP  proved  an  interesting  alterna-
ive  to  partial  ossicular  prosthesis,  with  60%  good  functional
esults.  Results  on  the  two  types  of  ossicular  chain  assembly
ere,  however,  difﬁcult  to  compare  due  to  lack  of  data  on
eroperative  mucosal  inﬂammation.  Although  some  reports
8]  showed  that  middle-ear  mucosal  inﬂammation  had  lit-
le  impact  on  the  functional  results  of  ossiculoplasty,  we
refer  MSP  to  partial  ossicular  prosthesis  in  case  of  primary
iddle-ear  inﬂammation:  we  consider  that  granulation  tis-
ue  induces  implant  tilt,  leading  to  functional  failure.  MSP
oreover  economizes  on  an  ossicular  implant  while  leaving
he  option  open  in  subsequent  surgery.  We  therefore  recom-
end  a  partial  ossicular  prosthesis  where  there  is  no  mucosal
nﬂammation,  basically  during  revision  surgery  and  in  case
f  mean  postoperative  PTA-ABG  greater  than  25  dB  despite
SP.  It  is  noteworthy  that  conservation  of  the  malleus
andle  and  neck,  which  was  systematic  in  the  present
eries,  does  not  appear  to  be  decisive  for  the  functional
uality  of  the  ossicular  chain  assembly  [9—11]. Functional
esults  with  MSP  require  longer-term  assessment  in  future
tudies.
The  acoustic  transfer  quality  of  cartilage  seems  to
epend  on  reconstruction  technique  but  not  on  harvest-
ng  site  (tragus  vs  concha).  Functional  results  are  best  with
sland  cartilage,  and  less  good  with  palisades  [12,13].  Thecoustic  transfer  and  cartilage  stability  was  experimentally
etermined  as  0.5  mm  by  Zahnert’s  team  [13]. In  our  own
ractice,  this  is  never  measured,  although  the  thinning  pro-
8c
N
w
c
p
o
d
t
s
a
r
u
f
C
M
t
C
r
m
c
c
c
a
p
c
p
u
o
D
T
c
R
[
[
[
[
[
492—8.
[15] Vassbotn FS, Moller P, Silvola J. Short-term results using6  
ess  allows  a  thickness  of  less  than  1  mm  to  be  obtained.
o  labyrinthization  was  observed  with  modeling  cartilage,
hatever  the  ossicular  chain  assembly.  Finally,  modeling
artilage  contributes  to  ossiculoplasty  stability,  providing  a
oint  of  ﬁxation  for  the  ossicular  implant  plate.  There  was
nly  one  case  of  implant  extrusion  in  the  present  series,
oubtless  thanks  to  the  absence  of  any  region  of  weakness  in
he  cartilage  reconstruction  ensured  by  the  bone  framework
upport.  In  the  literature,  the  risk  of  extrusion  is  estimated
t  2%  to  5%  for  titanium  ossicular  implants  [14,15]  on  other
econstruction  techniques.  Whatever  the  middle-ear  ossic-
lar  chain  status,  cartilage  is  an  integral  part  of  middle-ear
unctional  repair  quality.
onclusion
odeling  cartilage  is  a  reliable  technique  over  the  medium
erm  in  repairing  loss  of  tympanic  and  bone  substance  during
WU  middle-ear  cholesteatoma  surgery  in  adults.  It  reduces
ecurrence  prevalence  by  5%  and  allows  CT  surveillance  of
iddle-ear  aeration.  The  acoustic  properties  inherent  to
artilage  conserve  middle-ear  function  when  the  ossicular
hain  is  intact.  The  risk  of  implant  extrusion  is  limited.  In
ase  of  isolated  incus  lysis  on  primary  surgery,  MSP  provides
n  interesting  functional  alternative  to  partial  ossicular
rosthesis.  Modeling  cartilage  may  usefully  be  employed  in
hildhood  cholesteatoma  surgery  and  for  simple  tympanic
erforation.  The  present  cohort  is  currently  being  followed
p  to  assess  the  long-term  reliability  and  functional  results
f  the  technique.
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